1. Introduction
===============

Most of chemicals used be people are unavoidably destructive to the environment. Among them, plasticizers, such as nonylphenol (NP) and bisphenol A (BPA) are used largely in the plastics industry in which many of their harmful effects have been reported ([@b1-epj-08-2772]). NP is a yellow, sticky substance that has a molecular weight of 220.35 g/mol and a density of 0.953 g/cm^3^. This chemical is hydrophobic and relatively insoluble in water, and its solubility depends on the temperature and pH of the solution ([@b2-epj-08-2772]). BPA also is a product of the condensation reaction between two moles of phenol and one mole of acetone in the presence of concentrated sulfuric acid. This chemical has a molecular weight of 228.29 g/mol and a density of 1.2 g/cm^3^ at 20 °C. Its solubility in water is 120--300 ppm ([@b3-epj-08-2772]). These chemicals are used extensively in epoxy resins, polycarbonates, dental fillings, food preserving containers, baby bottles, and mineral water containers. NP and BPA have little stability in acid or alkaline conditions, and they are unstable upon exposure to UV radiation. These chemicals have the ability to transfer from polymers to foods, and they can contaminate foods at high or low temperatures ([@b4-epj-08-2772]). BPA and NP can be leached from plastic wastes and enter rivers in the form of landfill leachate, which is considered to be a serious threat to aquatic life. Relatively high concentrations of these chemicals have been found in marine organisms, and these concentrations indicate the high solubility of these compounds in water ([@b2-epj-08-2772]--[@b5-epj-08-2772]). BPA and NP have estrogenic characteristics ([@b3-epj-08-2772]). These chemicals have a variety of adverse effects on people, among which is the reduction of the fertility of men ([@b6-epj-08-2772]). Exposure of rats to very low concentrations of BPA and NP can cause adverse effects, including decreases in the daily production of sperm and acceleration of growth and maturity ([@b7-epj-08-2772], [@b8-epj-08-2772]). The detected amounts of BPA and NP in groups exposed to these chemicals are different. For example, a range of 10--20 μg of BPA was observed in individuals who use canned foods, and 20--30 μg of BPA were detected among those who used dental filling substances ([@b9-epj-08-2772]). The standard reference dose established by the U.S. Environmental Protection Agency (EPA) is 50 μg/kg/day, which is equal to 1/1000 its threshold dose (50 mg/kg/day) recommended by EPA ([@b10-epj-08-2772]). However, studies have shown that even doses less than the safe dose can disturb the physiological function of the human reproductive system ([@b11-epj-08-2772]). It has been reported that the exposure of rats to 25 ng/kg of BPA and NP can impair spermatogenesis and reduce sperm counts ([@b12-epj-08-2772]). BPA used in food packaging materials increases the development of a specific type of prostate cancer with mutant androgen receptors. For management of most prostate cancers, testosterone is required to develop, and inhibition of the production of this hormone is one of the methods used in the treatment of prostate cancer ([@b13-epj-08-2772], [@b14-epj-08-2772]). It also has been shown that BPA affects the quality of sperm ([@b15-epj-08-2772]) and reduces the weight of the prostate gland, as well as other reproductive organs ([@b8-epj-08-2772], [@b16-epj-08-2772], [@b17-epj-08-2772]).

There are different methods for assaying BPA and NP in biological samples, e.g., spectrophotometry and gas chromatography-mass spectrometry (GC-MS). GC-MS, which is widely used for this purpose, has high accuracy ([@b18-epj-08-2772]--[@b20-epj-08-2772]). Another analytical method for assaying these compounds is high performance liquid chromatography (HPLC) with different detectors, such as ECD, UV, and fluorescence, that have high accuracy and are used for biological samples, such as plasma and tissues ([@b19-epj-08-2772], [@b21-epj-08-2772], [@b22-epj-08-2772]). In this study, HPLC with a fluorescence detector was used as a simple, cost-effective, and accurate technique for the detection of BPA and NP. According to the literature and based on the increased use of BPA and NP, we attempted to study the effects of low doses of these compounds on reproductive parameters, such as sperm count and sperm morphology. Moreover, the absorbed concentrations of these compounds in the serum and testicular tissue of adult rats was investigated using HPLC.

2. Material and Methods
=======================

2.1. Animals
------------

In this study, which was performed in 2014--2015, we used male Wistar rats that weighed 150--200 g. The study was approved by the Ethics Committee at Babol University of Medical Sciences (Babol, Iran), and the investigation was conducted under the guidelines for safe animal research. The animals were housed under standard laboratory conditions, i.e., temperature of 22±2 °C, 12 h light and 12 h dark, and free access to tap water and chow ad libitum. The rats were divided into control and treatment groups. The treatment group received three doses (5, 25, and 125 μg/kg) of BPA and NP by gavage for 35 consecutive days. The BPA and NP were dissolved in corn oil as a vehicle and then used. The control group only received corn oil. On day 36, the rats were anesthetized using sodium thiopental and blood samples were taken from the axillary vein for assay of BPA and NP concentration in the serum. The epididymis and vas deferens were removed to obtain sperm parameters.

2.2. Chemicals
--------------

The NP was obtained from Kento, Japan, and the BPA was purchased from Daejung, Korea; both were analytical grade. HPLC solvent, acetonitrile, methanol, and water for extraction were purchased from Merck, Germany. SPE disposable columns (INOPAK, Korea) were used for washing and filtering the tissue samples. Standard solutions of BPA and NP prepared using HPLC grade acetonitrile were used in the experiments.

2.3. Blood samples
------------------

Immediately after anesthetizing the rats with sodium thiopental, the axillary plexus was opened and after cutting axillary vessels, a 2-ml blood sample was taken. The blood samples were transferred to 5-ml Eppendorf tube, and the serum was separated by centrifugation (15 min at 3500 rpm) and kept in a freezer at −20 °C for the next analysis. A 100-μl aliquot of the serum was transferred to a 5-ml vial, and then we added 100 μl of ammonium acetate buffer with a pH of 4.5 and 4 ml of solvent containing n-hexane and diethyl ether (70:30) to the vial, after which the mixture was vortexed for 30 minutes. Then, the sample was centrifuged at 10,000 rpm for 10 minutes; the organic phase was separated and placed in the refrigerator at 5 °C to remove the solvent. After extracting the solvent, 100 μl of the mobile phase solvent were added to the vial, and the mixture was vortexed again. An aliquot of 20-ml was injected into the HPLC, and the concentrations of BPA and NP in the serum were measured using a standard calibration curve that had been prepared earlier.

2.4. Testis samples
-------------------

After treatment for each experimental group, testis tissue was removed, weighed, and kept at −20 °C to assay concentrations of BPA and NP. Then, for analysis of the BPA and NP concentrations, the testis samples were removed from the freezer and allowed to thaw at ambient temperature. Then, 1 g of testicular tissue was put in the mortar, and, while adding liquid nitrogen, the tissue was ground using a pestle and then transferred to a 15 ml centrifuge vial. Then, 20 ml of ammonium acetate buffer (0.01 M) with pH 4.5, 8 ml of methanol, and 100 μl of perchloric acid (4 M) were added to the vial. The mixture was vortexed for 30 seconds for homogenization and then centrifuged at 14,000 rpm at 4 °C. An SPE C18 cartridge was used to filter the sample using solvents, including 10 ml of methanol, 5 ml of water, 5 ml of ammonium acetate buffer, and another 5 ml of water; a vacuum pump was used to accelerate the filtration process. The filtrate was poured in a 50-ml vial (with open lid) and put in the refrigerator at 4 °C until the solvent was removed. Then, 100 μl of mobile phase solvent were added to the vial; 20 μl of the sample was injected directly into the HPLC, and concentrations of BPA and NP in the testicular tissue samples were determined.

2.5. HPLC analysis
------------------

High performance liquid chromatography (HPLC, Knauer, Germany) equipped with fluorescent detector (Shimadzu, Japan) was used to measure the concentrations of BPA and NP in the serum and testis tissue samples. The working conditions were as follows: the absorption and emission wavelengths were 227 and 313 nm, respectively. The column was C18 (Eurospher), and the mobile phase was a mixture of acetonitrile and water in the ratio of 70 to 30 (v/v %) for 0 to 6 min, 6.0--6.2 min mobile phase A increased from 70 to 100% and continued to minute 12. The temperature was 25 °C, and the flow rate of the mobile phase was 0.8 ml/min. Ezchrome software was used to extract area and height of the peaks. For this analysis, nonylphenol (NP) was used as the internal standard for bisphenol A (BPA) and vice versa. Peak area ratio (area of each compound divided by the area of the internal standard) was calculated for each analysis, and the standard curve for BPA and NP was prepared by plotting the ratio versus serum or tissue concentration of BPA and NP. The slope, intercept, and R2 coefficient were calculated. The coefficient variation (CV) for this analysis was 3.7%.

2.6. Sperm parameters
---------------------

After anesthetizing the rats, the epididymis and vas deferens were isolated and put in Ham's F10 medium. The samples were incubated at 37 °C in a 5% CO~2~ atmosphere for at least 30 minutes until the sperm were released from the epididymis and deferens ducts and suspended in the culture. Then, all of the supernatant of the culture was collected. The obtained liquid was transferred to a tube, and the same volume of fresh Ham's F10 medium was added to it. Then, a smear slide was prepared from the liquid specimen and analyzed for sperm parameters, including sperm count, motility, and morphology, using an invert microscope (Olympus). This procedure was followed for all groups receiving BPA and NP as well as for the controls.

2.7. Statistical analysis
-------------------------

The data were presented as mean ± standard deviation. The results were analyzed using t-test and ANOVA post-hoc Tukey tests, and the difference between the data was considered statistically significant at p-value less than 0.05.

3. Results
==========

3.1. Plasma and tissue concentrations of the BPA and NP
-------------------------------------------------------

The mean and standard deviation of BPA and NP concentrations were measured, and there were significant concentrations in the rats in the NP group compared to BPA group (p \< 0.05) ([Figure 1](#f1-epj-08-2772){ref-type="fig"}). The difference also was significant between the groups receiving different doses of BPA, i.e., 5, 25, and 125 μg/kg body weight and those receiving NP (p \< 0.05). The concentrations of BPA and NP in the serum and testicular tissues were determined based on the internal standard method using calibration curves. The calibration curves are presented in [Figures 2](#f2-epj-08-2772){ref-type="fig"} and [3](#f3-epj-08-2772){ref-type="fig"} for BPA and NP, respectively. [Figure 4](#f4-epj-08-2772){ref-type="fig"} (chromatogram) also shows sample HPLC chromatograms obtained for BPA and NP analysis. According to [Table 1](#t1-epj-08-2772){ref-type="table"}, the NP at doses equal to the doses of BPA had higher concentrations.

3.2. Weight changes
-------------------

The rats' weights were recorded before the start of the experiments and also at the end of the study. There were significant weight losses in the rats that received BPA and NP compared to the control ([Table 1](#t1-epj-08-2772){ref-type="table"}). This weight loss was considered to be in the testes of the BPA and NP groups when compared to the control, as well (p \< 0.05). The difference was also significant between the groups receiving different doses of the BPA, i.e., 5, 25, and 125 μg/kg body weight, and those receiving the NP (p \< 0.05). No significant differences were seen in the testes of the rats receiving various doses of BPA. The weight of prostate tissues in BPA and NP treatment groups showed a significant decrease in comparison to the control (p \< 0.05). However, no significant decrease was seen between the treatments groups receiving BPA and NP. The results showed that contact with high doses of BPA and NP may cause a considerable decrease in the weight of testis, while the weight of the prostate gland showed a further decrease ([Table 1](#t1-epj-08-2772){ref-type="table"}).

3.3. Evaluation of sperm parameters
-----------------------------------

Sperm count, motility, and morphology were evaluated using an invert microscope, and the results are summarized in [Table 2](#t2-epj-08-2772){ref-type="table"}. There was a significant decrease in the percentage of sperm motility in groups receiving BPA and NP compared to the control (p \< 0.05). The high-speed, direct movement and movements toward unknown directions were reduced. BPA and NP treatment induced slow forward movement of sperm and sperm in situ motility was decreased in the groups that received doses of BPA and NP compared to the control group (p \< 0.05). At high dosages of NP, the sperm's motility almost stopped ([Table 2](#t2-epj-08-2772){ref-type="table"}).

4. Discussion
=============

This study was conducted to determine the association between serum and testicular tissue concentrations of BPA and NP and sperm parameters of rats receiving bisphenol A and nonylphenol. The levels of BPA and NP in serum and testicular tissue samples were assayed using HPLC equipped with fluorescence detector. The count, motility, and grading of sperm, as well as the weight of the body, testes, and prostate gland were evaluated in the control, BPA, and NP groups. According to the results, HPLC-fluorescence detection method was very accurate, easy, and economical to measure the concentration of these compounds, and it is preferable to common laboratory methods. Although, various methods, such as GC-MS, LC-MS, and HPLC-FLD, have been reported to assay BPA and NP in water, soil, and plastic samples ([@b23-epj-08-2772], [@b24-epj-08-2772]), only a few methods for measuring BPA and NP in biological samples have been introduced. Mikaoda et al. determined the concentration of BPA in serum using the GC--MS technique, and they used the LC--MS method for detection of NP in tissue samples ([@b25-epj-08-2772]). The more convenient method for assaying NP is extraction by steam-distillation and then using HPLC with a UV detector ([@b26-epj-08-2772]). In the present study, retention times required for the BPA and NP peaks to appear were 3 and 5 min, respectively. These times were shorter than the previously-reported results (4.5 and 12 min for BPA and NP, respectively) ([@b8-epj-08-2772]). In our study, liquid--liquid extraction (LLE) was used to detect BPA and NP in serum. To avoid column obstruction, organic solvents were used to remove proteins and lipids of the samples and SPE (Solid phase extraction) column was recruited. Our study showed that 5, 25, and 125 μg/kg/day of both NP and BPA can significantly reduce the body weight, ratio of testes and prostate weights to body weight of the rats in the control and BPA and NP treatment groups ([Figure 4](#f4-epj-08-2772){ref-type="fig"}). These results were similar to several previous studies. Similarly, the findings indicated that exposure to NP resulted in decreases in the weights of the rats' testes, decreased epididymal sperm motility, and affected sperm morphology ([@b27-epj-08-2772]). In a previous study, it was shown that oral administration of various doses of PBA (0.2, 2 and 20 μg/kg in corn oil) for 45 consecutive days significantly reduced the weights of the epididymis and testes of the rats, while the weight of their prostates had significant increases compared to the control ([@b17-epj-08-2772]). Unlike the findings of our study, these doses of BPA did not show any effect on the body weight of the rats. Such an effect may be caused by oxidative stress reactions in the presence of BPA in the tissues ([@b17-epj-08-2772]). In the present study, the count and motility of sperm in rats treated with BPA and NP had a significant decrease compared to the control group while the morphology of sperm did not show any considerable change. A significant decrease in motility of sperm has been reported in the male offspring rats of mothers that had received high doses of the NP during their pregnancy. Also, at high doses, the sperm had abnormal movements as well ([@b28-epj-08-2772]). BPA and NP have been shown to have adverse effects on different species, including fish ([@b29-epj-08-2772], [@b30-epj-08-2772]), quail ([@b31-epj-08-2772]), and mice ([@b30-epj-08-2772]). In mammals, successful fertilization can occur only when the sperm have enough motility and normal structure ([@b30-epj-08-2772]), but any changes in sperm count, motility, and morphology may affect normal fertility adversely. It has been shown that NP (750 ng/ml) had a destructive effect on the sperm of Medaka fish.

5. Conclusions
==============

This study showed that NP (1 μg/ml) can significantly change the acrosome of sperm. The movement of the sperm can stop at concentrations of 250 μg/ml and higher, and they may die at concentrations higher than 500 μg/ml ([@b27-epj-08-2772]). Based on the results, both BPA and NP have adverse effects on sperm parameters. These effects were greater for NP than BPA. This may be due to the higher concentration of NP in serum or testis tissue after administration of equal dosages of BAP and NP.
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###### 

Body weight before and after experiments, weight of testes and prostate, ratio of testes and prostate over body weight of the rats in control and BPA and NP treatment groups

  Groups        (Initial/Final) Body weight (g)   Testes weight (g)   Testes wt/body wt ratio   Prostate weight (g)   Prostate wt/body wt ratio
  ------------- --------------------------------- ------------------- ------------------------- --------------------- ---------------------------
  Control       6                                 1.419±0.075         0.238                     0.596±0.076           0.099
  BPA 5 μg/kg   −6.4                              1.357±0.139         −0.212                    0.269±0.086           −0.042
  BPA 25 g/kg   −12.30                            1.183±0.090         −0.096                    0.225±0.029           −0.018
  BPA 125/kg    −6.00                             1.166±0.056         −0.194                    0.159±0.072           −0.027
  NP 5 μg/kg    −30.70                            1.148±0.110         −0.037                    0.218±0.115           −0.007
  NP 25 μg/kg   −29.60                            1.101±0.060         −0.037                    0.166±0.034           −0.006
  NP 125 g/kg   −41.80                            0.991±0.183         −0.024                    0.096±0.069           −0.002

Wt: weight

###### 

Sperm parameters in control, BPA and NP treatment groups: Grade 4 - Fast and forward progression where sperm move in a straight direction; Grade 3 - Sperm move forward but at a slower speed and/or in a curved direction; Grade 2 - Sperm move slowly and in a poorly-defined direction; Grade 1 - Sperm move but fail to progress forward.

  Groups          Sperm Count\*10^6^   Motility %   IV %   III %   II %   I %
  --------------- -------------------- ------------ ------ ------- ------ -----
  Control         105                  29           10     30      45     15
  BPA 5 μg/kg     80                   17           8      22      3      40
  BPA 25 μg/kg    77                   16           1      8       20     71
  BPA 125 μg/kg   58                   10           1      4       13     82
  NP 5 μg/kg      69                   16           0      1       5      94
  NP 25 μg/kg     58                   11           0      1       11     88
  NP 125 μg/kg    54                   2            0      1       2      97
